Abstract-In the last five years, Bangladesh has been successful in increasing its production of electricity significantly. However, a large number of people in the remote areas remain unconnected to the national grid. Alternate solutions to provide them with power are of utmost important to improve their livelihoods and quality of lives. Some earlier researches have shown a good prospect of producing electricity from the juice of a plant called Bryophyllum Pinnatum. In this paper, the design of a prototype of a 12 VDC battery has been proposed. Its performance has been investigated. Juice extracted from Bryophyllum Pinnatum was used as electrolyte, because it is acidic in nature. It has been shown that in order to increase the electrical potential of the electrolyte, the pH value of the sap can be reduced and make it more acidic in nature by adding vinegar or lemon juice. The pH value of Bryophyllum juice was reduced from 4.61 to 3.09 by adding equal amount of lemon juice. All these ingredients are widely available and relatively inexpensive. Such a battery can be made locally in the rural areas and can meet the lighting and other needs of rural households. 
I. INTRODUCTION
Bangladesh with its 160 million population ranks among the countries with one of the lowest per capita consumption of electricity. Gap between supply and demand for electricity remains around 1000MW despite recent remarkable growth in production in recent years. Around half of the population are either living without electricity or experiencing frequent power cuts. Bangladesh is heavily depends on natural gas and imported oil for generation of electricity. High price of oil in the international market is putting heavy pressure on its foreign currency reserve and thus limiting its growth in production of electricity. Under these circumstances, Bangladesh is forced to explore various renewable energy resources options.
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Renewable Energy Policy of Bangladesh sets a target of generating 5% of power from renewable sources by 2015 and 10% by 2020 [1] . To achieve this target, various programs have been undertaken by the government and the development partners like World Bank, ADB, KFW, JICA, SNV are also actively supporting these programs. Solar Home Systems (SHS) of 30 to 50Wp capacity have gained popularity in the rural areas [2] . They mostly fulfill lighting and fan loads. Cost of such SHS range from 250 to 300 US Dollars. Still many cannot afford them due to financial reasons. Many households still use kerosene as fuel for lighting lamps. Price of kerosene is rising thus putting pressure on the family budgets. As a consequence the poor people in the villages cannot afford to buy enough kerosenefor meeting their needs for lighting at night. Under these circumstances, it becomes important to find alternative cheaper solutions for the rural poor.
Lund and Bush carried out a series of experiments which showed that a complex system of measurable, inherent, and continuously maintained electric potentials existed in the leaf of Bryophyllum [3] . This plant is popularly known as "Pathorkuchi" in Bangladesh and juices from their leaves are used as medicine.
A number of researches have been done in Bangladesh to examine the potential of juices from this plant as electrolyte.
A new method of electricity generation based on Pathorkuchi (Bryophyllum Pinnatum) leaf was developed at SERC (Solar Energy Research Center), Department of Physics, Jagannath University, Dhaka [4] . Another experiment was carried out at the Department of Electrical and Electronic Engineering, Ahsanullah University of Science and Technology (AUST), Dhaka to study the characteristics of the Bryophyllum sap [5] . Bryophyllum Pinnatum are grown in the villages of Bangladesh and are traditionally used for medicinal purposes. In this paper, an investigation has shown that juice from these plants can be used as electrolytes for production of electricity to energize a few LED bulbs and a ceiling fan in a rural household. In this prototype, small scale generation of electricity was achieved. However, this prototype can be scaled up to produce more energy as required. Experiments in this paper also show that the pH of the electrolyte can be reduced by mixing food grade vinegar with the juice. This will result in the increase of voltages developed in each cell. Results of these experiments have been recorded and analyzed in this paper.
II. GROWING THE PLANT AND EXTRACTING SAP FROM THE BRYOPHYLLUM LEAF Bryophyllum Pinnatum plants grow in the rural areas without much effort. Traditionally it is used as a medicinal plant. There are always some pockets of land around the households where these plants can be planted in a planned manner. These plants do not require much care to harvest. As this plant grows abundantly & its leaf contains acidic properties so this plant is propitious to use to generate electricity [6] .
A device made of stainless steel is used to squeeze the sap from the leaves by rotating its handle by hand. Leaves of Bryophyllum Pinnatum were squeezed passed through the gap between two stainless steel rollers. The sap was channeled through a plate at the bottom and collected in a plastic container. 1kg of leaves was required produce 0.74 liters of juice. Approximately 6.7 liters of sap was required to fill 16 cells of the battery. Fig. 1 shows the device that was used for squeezing leaves. 
III. DESIGN OF THE PROTOTYPE OF A 12 VDC BATTERY
The battery constituted two transparent plastic boxes each having 8 cells. There were 16 cells in total in two boxes placed next to each other. Each cell contained 7 copper and 7 zinc electrodes as anodes and cathodes respectively and separated by separators that are generally used in lead -acid batteries. In each cell all the electrodes of the same type were shouldered together. The cells were connected in series to add the voltages generated in each cell. Finally two wires from the positive and negative terminals were taken out of the battery.
The two containers were of same length 454mm, width 167mm and depth 154mm and placed side by side. Sizes of each of the 16 cells are length 155mm, width 50mm & depth 127mm. Each cell is separated by 6mm plastic sheet. Fig. 2 shows a battery box showing all the parameters. The sizes of all the electrodes (copper and zinc plates) were length 150mm, width 120mm & thickness 0.6mm. A hole was made at the top of all electrodes through which a copper wire can be shouldered to these electrodes of the same type to make good contact.
The two containers placed side by side with copper and zinc electrodes and separators in between them are shown below in Fig. 3 .
The electrodes are shown in Fig. 4 . 
IV. EXPERIMENTS AND RESULTS
Three experiments were carried out to investigate the followings:
1) Performance of a 12 VDC prototype battery using pure Bryophyllum sap was tested in the laboratory environment.
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A. The Performance of the Prototype Battery
The cells were filled up by pure Bryophyllum sap. Almost immediately, a voltage was developed at the terminals of the battery and lit a 7W, 12 VDC, LED lamp. Due to the low current, the lamp's light output was low. Earlier experiments have shown that a higher current and hence a higher power can be gained by increasing the dimensions of the electrodes [5] .
B. Short Circuit Current & Open Circuit Voltage
The cells were disconnected from each other. In each cell short circuit current and open circuit voltages were measured. The results were recorded and present in Table  I . From the obtained result we can see that average short circuit current is 79.42mA and total open circuit voltage is 11.89V. Fig. 6 shows the connection diagram of the prototype battery. From the experiment we can observe that a highest of 95.67mA short circuit current & 0.9V of open circuit voltage can be gained for each cell. This very low current was due to the small size of the electrodes. By increasing the dimensions of the electrodes we can increase the current output [5] . So the power output can be increased by increasing the dimensions of the electrodes. The volume of the battery has to be increased and it will also require an increased amount of Bryophyllum juice.
C. The Change of pH of the Mixture after Adding
Vinegar to the Juice Vinegar is a kitchen ingredient. It is simply just water & acetic acid (CH 3 COOH). Acetic acid is the main reason for using it to the sap. It decreases the pH level of the sap and makes it more acidic. With decreased pH we can expect higher voltages in each cell. From the experiment we have seen that up to a certain limit the potential increases but after that it decreases. So before using it we have to determine the limit of vinegar addition. The results of this experiment are presented in Table II . In our experiment the optimum proportion is 50ml vinegar with 420ml sap. It is evident in Fig. 7 .
We can see from the experimental result and the graph that increasing the amount of vinegar increases the 
D. Increase in Voltage after Adding Vinegar
If the container of the battery is not covered the juice comes in contact with air, it is oxidized and its pH value drops. Our experiment showed that within 2 days the pH level in a cell with 14 electrodes dropped to around 0.619V from 0.808V. However, after adding around 5% vinegar to the juice the voltage was raised to around 0.85V. Fig. 8 and Fig. 9 demonstrate the rise in voltage in the cell. 
E. Effect of Adding Vinegar and Lemon to the Bryophyllum Pinnatum Sap in Decreasing the pH Value of the Mixture
Another experiment was carried out to investigate the change in the value of pH of the Bryophyllum sap after adding food-grade vinegar. Vinegar is acidic in nature andhelps reduce the pH value of the mixture. A reduced pH value of the sap is expected to generate higher ionization and higher voltage potential of the battery. A microprocessor based pH meter (Hanna Instruments pH-211) was used for this experiment. Table III shows the pH value of each type of juice. Another experiment was carried out with mixture of different components. Table IV shows the result. (1:1) 4.14 Bryophyllum : Lemon juice (1:1) 3.09 Table IV shows a decrease in pH value when vinegar and lemon were added with addition of lemon giving the best result.
V. DISCUSSION
The experiments showed that it is possible to generate enough electricity to meet the lighting needs of a household. This prototype did not generate enough electricity to support a household. In a practical battery the containers must be airtight to minimize oxidization and maintain a good pH and voltage level. However, we know that the current output can be increased by increasing the sizes of the electrodes. In that case the battery size will be greater and a greater amount of electrolyte will be needed. It was observed that the pH value of the electrolyte rises when the latter comes in contact with air. So, the practical battery should have a sealed cover with inlet at the top and outlet at the bottom. The growth of the plant requires a lot of water. In the rainy season, the plant grows quickly than any other season. This type of battery will cost much less than a Solar PV based system popularly known as Solar Home System (SHS) that are available in rural areas. Moreover, Bryophyllum juice based batteries will be able to supply power in the rainy season as well when the output from a SHS will very low [7] . Some SHS users may also find it useful to have such a Bryophyllum juice based battery which will give them additional power as well as will meet their minimum need in the rainy season when availability of power from SHS is uncertain.
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VI. CONCLUSION
Our experiments showed that Bryophyllum sap can be used as fuel for generating electrical power to energize dc appliances in rural households. By increasing the number of electrodes in the cell or by increasing the sizes of the electrodes we can generate enough electricity to support the need of a rural household. This will release the pressure of buying kerosene from the market. Moreover, locally available vinegar or lemon juice can be used to stabilize the voltage output from time to time. Cost of a battery to energize two 5W LED lamps and a 25W DC fan will be approximately 70 US Dollars. Such a cheap source of electricity will help to improve the lifestyle of the rural poor.
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